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Abstract
The present study examined the effect of load on the
temporomandibular joint on the matrix synthesis of the
mandibular condyle. Biochemical and histological examina-
tions of the mandibular condyle were conducted after bite
raising. A bite plane was attached to the upper incisor of a
7−week−old Wistar rat. RNA was extracted from the con-
dylar cartilage 0–4 weeks later, and real−time polymerase
chain reaction was used for analyzing the expression levels
of type X collagen, osteopontin, and osteocalcin. In addi-
tion, sagittal sections of the mandibular condyle were pre-
pared, and the localization of these matrix proteins was ex-
amined. A positive reaction for type X collagen was ob-
served, but reactions for osteopontin and osteocalcin were
negative in the hypertrophic chondrocyte layer before oc-
clusal elevation. In contrast, the bone tissue was negative
for type X collagen and positive for osteopontin and os-
teocalcin. Four weeks after bite raising, the expression level
of type X collagen was almost unchanged, whereas those of
osteopontin and osteocalcin were significantly increased in
the hypertrophic chondrocyte layer. In the mandibular con-
dyle, positive reactions for osteopontin and osteocalcin were
observed, not only in the bone tissue but also in the hy-
pertrophic chondrocyte layer, 4 weeks after the bite raising.
These findings indicated that the expression levels of osteo-
pontin and osteocalcin increased in the hypertrophic chon-
drocyte layer of the mandibular condyle on applying a load
to the temporomandibular joint. Thus, the mechanical
stimulus due to bite raising has been suggested to affect the
matrix synthesis ability of the chondrocytes and alter the
physical properties of the condylar cartilage.
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細胞は，下顎頭の成長とリモデリングを担っている
（Lubsen et al., 1985）．肥大軟骨細胞層の細胞外基質はⅡ
型コラーゲンを主体とするが，軟骨細胞は肥大化に伴い
アルカリ性ホスファターゼ活性を示すようになり，Ⅹ型




に関与している（Gorski, 1992 ; Young et al., 1992 ; Bel-































Molecule Primer and probe sequence Amplicon length Accession no.
Collagen type X Sense (5’−3’) CGCTGGTTCATGGAACGTTT 68 XM_001053056
Antisense (5’−3’) GGCAAGTGCGCTCTTCACA
Probe (5’−3’) TGCTGAGCGGTACCAAACTCCCACAG
Osteopontin Sense (5’−3’) CCTGCAAGAAGGGAACAGTTG 61 M99252
Antisense (5’−3’) GAAAATGCCAAGACCTTTGGAA
Probe (5’−3’) TGCGGCCAACCCCCTGTTGT
Osteocalcin Sense (5’−3’) ACGAGCTAGCGGACCACATT 67 NM_013414
Antisense (5’−3’) CCCTAAACGGTGGTGCCATA
Probe (5’−3’) CTTCCAGGACGCCTACAAGCGCA
GAPDH Sense (5’−3’) TGCCAAGTATGATGACATCAAGAAG 71 AB017801
Antisense (5’−3’) ACTAAAGGGCATCCTGGGCT
Probe (5’−3’) TGGTGAAGCAGGCGGCCGA
Molecule Primer sequence Amplicon length Accession no.
Osteopontin Sense (5’−3’) AGAGGAGAAGGCGCATTACA 498 M99252
Antisense (5’−3’) GCAACTGGGATGACCTTGAT
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ダーゼ（Sigma−Aldrich, St. Louis, USA）に浸漬し，抗原
の賦活化を行った．内因性ペルオキシダーゼを不活性化
する目的で，0．3％過酸化水素にて30分間処理した．そ




0092, LSL, Tokyo, Japan），マウスモノクローナル抗ウシ
オステオカルシン抗体（clone OCG3, abcam, Cambridge,
UK）およびウサギポリクローナル抗ラットオステオポ
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b, c, d：bar100μm. 拡大像：bar50μm
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& Linsenmayer, 1985 ; Schmid et al., 1990）．またアルカ
リ性ホスファターゼは骨および肥大軟骨細胞層に発現
し，石灰化基質形成に関与する（Gaur et al. , 2005,



















これら硬組織の形成細胞に局在する（Butler, 1985 ; Den-




（Bronckers et al., 1985 ; Groot et al., 1986）．このよう
に，オステオポンチンやオステオカルシンは主として硬
組織に存在し，カルシウムの沈着を制御していると考え
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層で構成されているが（McNamara & Carlson, 1979），
増殖細胞層には未分化間葉系細胞が存在し，骨芽細胞と
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